Disposable cysteine based electrochemical impedance biosensor for skin sensitization analysis by Noh, Teh Ubaidah
DISPOSABLE CYSTEINE BASED ELECTROCHEMICAL IMPEDANCE 





























DISPOSABLE CYSTEINE BASED ELECTROCHEMICAL IMPEDANCE 








A thesis submitted in fulfilment of the 
requirements for the award of the degree of 




Faculty of Chemical Engineering 



































First of all, Alhamdulillah. I would like to express my gratitude to Allah SWT 
for all of His gifts and strengths for me to complete this thesis. I want to dedicate this 
thesis to my parents, Noh Mohammad and Nor Azizan Agus, and my siblings for all 
their prayers, patience and full support. Because of them, I have the courage to go 
through the entire ordeal in completing my thesis. 
 
 
I wish to verbalize my most sincere gratitude for my lovely supervisor, 
Assoc. Prof. Dr. Azila Abd. Aziz, that has provided me with the outmost support, 
understanding and kindness. I also like to express my gratitude to all of my 
examiners, technical staffs of Faculty Chemical Engineering and Mr. Abdul Rahim 
from Faculty of Science. 
 
 
Subsequently, I would like to express my gratefulness to the PSM students, 
Syahidah and Azirah for helping me to understand this research and to my 
bestfriends, Noraayu, Norazila and Fatihah Hayati who have always given me the 
support and endless motivation to continue my studies. Besides that, to Mrs. 
Norhayati Mohamed Noor and all staffs in the Institute of Bioproduct Development 
(IBD), Universiti Teknologi Malaysia, thank you for sharing with me the knowledge 
and kindly gave me the permission to use their apparatus and laboratory. Also, 
thanks to my labmates, Mastura, Wahida and Sakura who helped me during the 
experiments. Last but not least, a bunch of thank you to all of my friends that 
contributed their favors directly or indirectly in helping me to finish my thesis and 












Nowadays, the personal care and cosmetics market is one of the largest 
markets in the world. However, some potential cosmetic ingredients may cause skin 
sensitization. Animal testing is deemed as a perfect but controversial solution to skin 
sensitization analysis. The European Union (EU), which has the most stringent and 
protective regulations for cosmetic has agreed to ban all tests related to animals. This 
has wide ranging implications for cosmetic companies worldwide as a cosmetic 
product which has been successfully registered in the EU can be easily registered 
worldwide. Thus, in chemico, in silico or in vitro alternative methods for the 
prediction of skin sensitization need to be introduced. The main purpose of this work 
was to investigate the performance of an impedance skin sensitizer biosensor 
obtained using self-assembly of cysteine on screen printed carbon electrode (SPCE) 
modified with gold nanoparticles (AuNPs). The basis of the biosensor developed in 
this work was that the conjugation of allergen to cysteine-AuNPs on SPCE would 
result in the commencement of the skin sensitization process. A biosensor with good 
reproducibility (relative standard deviations of 8.43 %) and sensitivity was obtained 
when 50 mM of cysteine was deposited on the AuNPs and left for 24 hours on the 
SPCE. The biosensor managed to successfully differentiate between water soluble 
mild, medium and strong sensitizers based on the values of the changes in charge 
transfer resistance (Rct). Different allergen concentrations did not significantly 
affect Rct readings (the range studied was between 10 to 90 mM). The biosensor in 
this research work was found to have the potential to be successfully used as an 













Pada masa kini, pasaran produk penjagaan diri dan kosmetik adalah salah satu 
pasaran yang terbesar di dunia. Walau bagaimanapun, beberapa bahan yang 
berpotensi digunakan dalam kosmetik boleh menyebabkan perengsaan kulit. Ujian 
haiwan dianggap sebagai penyelesaian yang sempurna bagi analisis perengsaan kulit 
tetapi ia adalah penyelesaian yang kontroversial. Kesatuan Eropah yang mempunyai 
peraturan yang paling ketat untuk kosmetik telah bersetuju untuk mengharamkan 
semua ujian yang berkaitan dengan haiwan. Ini memberi implikasi yang besar 
kepada syarikat kosmetik di seluruh dunia kerana produk kosmetik yang berjaya 
didaftarkan di Kesatuan Eropah akan mudah didaftarkan di seluruh dunia. Oleh itu, 
kaedah alternatif ‘in chemico’, ‘in silico’ atau ‘in vitro’ untuk ramalan perengsaan 
kulit perlu diperkenalkan. Tujuan utama penyelidikan ini adalah untuk mengkaji 
prestasi biosensor perengsa kulit berasaskan impedans yang diperoleh dengan kaedah 
pembentukan sendiri lapisan sisteina pada karbon elektrod dicetak skrin (SPCE) 
yang diubahsuai dengan menggunakan nanopartikel emas (AuNPs). Asas biosensor 
yang dibangunkan dalam kerja ini adalah konjugasi alergen dengan sisteina-AuNPs 
akan memulakan proses perengsaan kulit. Biosensor yang mempunyai 
kebolehulangan yang baik (sisihan piawai relatif 8.43 %) dan kepekaan yang baik 
telah diperoleh apabila 50 mM sisteina diletakkan di atas lapisan AuNPs dan 
ditinggalkan selama 24 jam. Biosensor ini berjaya membezakan antara bahan 
perengsa larut air yang dikelaskan sebagai perengsa yang rendah, sederhana dan kuat 
berdasarkan nilai perubahan rintangan pemindahan cas (∆Rct). Kepekatan alergen 
yang berbeza tidak memberi kesan yang ketara kepada bacaan ∆Rct (julat kepekatan 
yang dikaji ialah diantara 10 hingga 90 mM). Biosensor dalam penyelidikan ini 
mempunyai potensi untuk digunakan dengan jayanya sebagai kaedah alternatif 
kepada ujian haiwan untuk mengesan perengsa kulit. 
